Depression is caused by a variety of factors, especially stressful life events. Chronic stress-induced depression has detrimental effects on hippocampal integrity. Environmental enrichment (EE) is a beneficial intervention for improving anxiety, fear, and stress. We aimed to investigate the antidepressive effects of EE in a depressive rat model (DEP) that was subjected to chronic stress. The control group (n ¼ 10) was kept under normal conditions, while depressive rats (n ¼ 8 per group) were randomized into DEP, DEP þ EE, and DEP þ fluoxetine (Flx) groups. DEP þ EE/Flx groups were exposed to standard housing and EE or Flx, respectively. The behavioral tests showed that hopelessness and anxiety were decreased in DEP þ EE and DEP þ Flx groups compared with the DEP group (p < .05). Similarly, the expression of vascular endothelial growth factor and tryptophan hydroxylase was significantly higher in the DEP þ EE and DEP þ Flx (p < .05) groups. The levels of brain-derived neurotrophic factor and tyrosine receptor kinase B were also significantly higher in the DEP þ EE and DEP þ Flx groups compared with the DEP group (p < .05). Our findings can serve as a foundation for future investigations examining the effects of environmental improvement and physical exercise in patients with depression. This study suggests that EE may be useful for mitigating the detrimental effects of chronic stress in patients with depression.
hippocampal neurogenesis may precipitate the onset of depression (Hanson, Owens, & Nemeroff, 2011) . The other neurotrophic factor, vascular endothelial growth factor (VEGF), has recently become a focus of interest in the context of mental diseases. VEGF also plays a role in hippocampal neurogenesis (Jin et al., 2002) and responses to stress (Heine & Lucassen, 2005) . Moreover, hippocampal neurogenesis regulated by VEGF is stimulated by EE and exercise, learning, and antidepressant drugs (Nowacka & Obuchowicz, 2013) .
Tryptophan hydroxylase (TPH) catalyzes the rate-limiting step of 5-hydroxytryptamine (5-HT) biosynthesis in the serotonergic neurons; therefore, 5-HT and TPH expressions are associated with the severity of depression. The selective serotonin (5-HT) reuptake inhibitors (SSRI) are the most commonly prescribed antidepressants. Fluoxetine (Flx), a widely used SSRI, increases BDNF levels and rescues impaired neurogenesis in the hippocampus (Kohl et al., 2012) . Flx also protects the hippocampus against the adverse effects of different types of stressors, such as maternal separation followed by social isolation (Lee et al., 2001) . However, Flx is considered the most stimulating of the SSRIs, prone to causing insomnia and agitation and presenting side effects including sexual dysfunction, anorexia, dry mouth, and impotence (Alldredge et al., 2012) . Further, long-term use of antidepressant drugs may increase the biochemical vulnerability to depression and worsen its long-term outcome and symptomatic expression (Harvey & Clary, 2007) . Thus, there is a need for alternative therapies that are as effective as antidepressant medications but have fewer side effects and long-term risks.
In clinical settings, the impact of the hospital environment on patients cannot be overestimated. Tanimoto and Yamamoto (1998) reported that healthy participants housed in the intensive care unit (ICU) demonstrated increased feelings of depression, fatigue, and confusion. There was ample evidence of the harmful effects of the ICU environment on the patients' physiological status and well-being. However, new evidence demonstrates improvements in patient outcomes with naturebased interventions and changes that soften the ICU environment (Minton & Batten, 2016) . Janssen and colleagues (2014) recently undertook a pilot study of EE in individuals with stroke in the subacute inpatient rehabilitation setting. This study showed promising results, with increased activity levels demonstrated across physical, cognitive, and social domains. In the present study, we performed behavioral and molecular biological studies using an animal model of depression in order to investigate the antidepressant effects of EE as an alternative to treatment with Flx.
Materials and Method Animals
We purchased Sprague-Dawley male rats (250 + 20 g, 8 weeks old; Orient Bio, Gapyeong, The Republic of Korea) and housed them in a specific pathogen-free barrier area with constant control of temperature (23 C + 2 C) and humidity (50-55%) and a 12-to 12-hr light/dark cycle (light on at 7 a.m.). Food and tap water were available ad libitum. The study design minimized subjective and unrecognized biases in two ways: First, we randomly assigned the rats to different experimental groups. Second, we did not give any advance information about the experiment to the observer, a highly experienced researcher who recorded the behavioral tests and was blinded to group assignment. We performed the experimental procedures in accordance with the animal care guidelines of the National Institutes of Health (NIH 
Experimental Design
Animals were randomly assigned to the control group (CONT; n ¼ 10) or the depression group (DEP; n ¼ 24) for the induced depression model. After induction of depression in the DEP, all of the animals performed the forced swim test (FST) to confirm the depressive behavior. The DEP was randomly divided into three experimental groups (n ¼ 8 in each): depression (DEP), DEP þ EE, and DEP þ Flx. The interventions were performed over a period of 20 days (Figure 1 ). Following the animals' sacrifice, we performed biochemical analysis with half of the animals in each group (CONT ¼ 5; DEP, DEP þ EE and DEP þ Flx ¼ 4 each).
Stress-Induced Depression Model
The procedure we used to induce chronic stress is suggested to be an appropriate model for the study of depression in animals (Willner, 1997) . The model is based on the finding that rodents exposed to an unpredictable, relatively continuous sequence of mild stressors develop a series of abnormal behavioral and physiological responses that are reminiscent of those observed in depressed patients (American Psychiatric Association, 1994) . Over a period of 21 days (days 3-23), we applied one of the following stressors each day according to the schedule displayed in Table 1 : We applied restraint stress for 6 hr, which entailed placing rats separately into transparent plastic restraining tubes, limiting their movement to the head and limbs. We exposed rats to either food or water deprivation for 24 hr. We had rats perform a forced swim in fresh, cold water at a temperature of 8 C for 5 min. We also performed tail pinch, whereby we pinched the tail of a rat for 5 min with a clothespin placed 1 cm distal from the base of the tail. Rats also underwent social isolation under standard housing conditions for 24 hr. Isolation, an objective reflection of reduced social network size or lack of social contact, is associated with a higher risk of depression. We also switched cage mates, such that we removed a rat from its home cage and placed it into a new home cage that included a rat from another group, for 24 hr. Moreover, we subjected the rats to high-density housing, known to increase the degree of social stress, housing the rats four per cage (rather than two) for 24 hr.
EE
We used two types of housing in this study. For 24 days, we kept all rats under standard housing conditions in clear plastic cages measuring 26.5 Â 32 Â 18 cm (L Â W Â H) with two rats per cage. Between experimental days 24 and 44, we kept the EE groups under EE conditions in which each cage (60 Â 48 Â 42 cm) held four rats that were able to interact socially along with various objects (i.e., running wheel, tubes, seesaw, plastic cubes, and wood parts). We replaced the objects with new ones for subtle novelty every week and cleaned the cages with tap water (see Figure 2 ).
Drug Administration
Flx hydrochloride (Tokyo Chemical Industry, South Korea) was dissolved in a 0.9% physiological saline and injected intraperitoneally. The DEP þ Flx group received a daily intraperitoneal injection of Flx (5 mg/kg) for 20 days after stress-induced depression. All other groups (CONT, DEP, DEP þ EE) were injected with equal volumes of 0.9% normal saline to control for injection pain (Dias & Vaidya, 2003) .
FST
The FST is one of the most commonly used animal models for assessing antidepressant-like behaviors. Immobility during this test has been interpreted as a behavioral correlate of negative mood, representing a kind of hopelessness in the animal. For the test, we filled a cylindrical swimming tank (45 cm high, 25 cm in diameter) with 25 C tap water up to 35 cm. In the first session on day 23 (chronic stress period endpoint), we placed rats in the water for a 15-min assessment and measured immobility time. This session served to acclimate the rats to the test situation and to verify our animal model of depression. After 24 hr, we introduced rats into the cylindrical tank for 5 min. Duration of immobility behavior (floating with only the movement necessary to keep the head above the water), swimming behavior (active movement of the forepaws), and climbing behavior (upward movements of the forepaws along the sides of the 
Open Field Test (OFT)
The OFT can be used to screen for antidepressant effects by measuring the anxiety-related behavior that accompanies depression. The OFT provides simultaneous measures of locomotion, exploration, and anxiety. The open field apparatus was constructed from a wooden box, 77 Â 77 cm, with wall height of 25 cm, which was visually divided into 16 equal squares. The recorder observed each rat for 5 min, counting the number of times a rat moved into another square. A high frequency of movement between squares indicates increased locomotion and exploration and a lower level of anxiety.
Immunohistochemistry
For immunohistochemical analysis, anesthetization of rats with ether was followed by transcardial perfusion with 50 mM phosphate-buffered saline (PBS). Subsequently, rats were fixed with a freshly prepared solution consisting of 4% paraformaldehyde in 0.1 M phosphate buffer (PB, pH 7.4). Coronal sections (thickness, 40 μm) were prepared using a freezing microtome (Leica, Nussloch, Germany). Sections were washed three times in 0.1 M PBS and then incubated in antiTPH primary antibody (TPH, 1:500; Oncogene, CA) overnight at 4 C. The following day, after three washes in 0.1 M PBS, dorsal raphe nucleus (DRN) sections were incubated in biotinylated antimouse immunoglobulin G (IgG) secondary antibody (1:200; Vector Laboratories, Burlingame, CA) for 1 hr at 22 C. After three washes in 0.1 M PBS, sections were incubated in ABC solution (Vector Laboratories) for 1 hr at 22 C to form an avidin-biotin complex. To visualize TPH, 0.4% diaminobenzidine tetrahydrochloride (DAB; Vector Laboratories) was used as the chromogen. The sections were mounted on saline-coated slides, air-dried, dehydrated with a series of ethanol and xylene, and cover-slipped with mounting media (Vector Laboratories). For VEGF immunohistochemistry, we used an anti-VEGF primary antibody (1:500; Millipore, Temecula, CA, USA) and antirabbit IgG secondary antibody (1:200; Vector Laboratories). The stained sections were visualized with a light microscope (BX51, Olympus, Japan). The number of VEGF-and TPH-positive cells was quantified into a 250 Â 250 μm square placed in the center of the stratum lacunosum-moleculare (SLM) and DRN, respectively. Three researchers who did not participate in the experiment and were highly experienced with microscopy scoring counted the average value of the cell numbers.
Western Blot
The hippocampus was homogenized in lysis buffer (iNtRON Biosystems, Seongnam, Korea). The samples were centrifuged at 3,000 rpm for 15 min at À4
C. Protein amounts of 20 μg were separated on sodium dodecyl sulfate polyacrylamide gels and electrotransferred onto nitrocellulose membranes (Schleicher & Schuell GmbH, Dassel, Germany) blocked with 5% skim milk. Membranes were incubated with anti-BDNF (1:2,000; Santa Cruz Biotechnology, Santa Cruz, CA) and anti-TrkB (1:2,000; Santa Cruz Biotechnology) antibodies and a secondary antibody conjugated to horseradish peroxidase (antirabbit antibody, 1:1,000; Santa Cruz Biotechnology). After washing, band detection was executed using an enhanced chemiluminescence detection system (SuperSignal West Pico, Thermo Scientific, Rockford, IL). Protein bands were scanned and quantified with Image J 1.42q software (NIH, Bethesda, MD).
Statistical Analysis
Statistical analyses were performed using Statistical Package for Social Sciences Version 18.0. All data are expressed as the mean and standard error of the mean for all variables. The data were analyzed by independent samples t tests for comparisons with the depression model. Comparisons among multiple groups were analyzed using one-way analysis of variance (ANOVA). Scheffe's method was used for post hoc comparisons to assess the significance of the ANOVA effects. We used p < .05 to indicate a statistically significant difference.
Results

Confirmation of Stress-Induced Depression Model
We detected a significant difference in immobility time between the control and DEPs (p < .05) in the first FST session, with rats in the CONT showing significantly lower immobility time compared with the stress-induced DEP (CONT mean ¼ 34.45 s, SE ¼ 1.71 s; depression mean ¼ 100.04 s, SE ¼ 1.86; t ¼ 20.72, p < .01; Figure 3) . 
Effects of EE on Behavioral Tests
We observed a significant difference among all groups (p < .05) in immobility time for the second FST, which served as a behavioral test to detect symptoms of depression postintervention. The DEP þ EE and DEP þ Flx groups had significantly lower immobility times compared with the DEP group (Table 2 and Figure 4a) . We also observed a significant difference among groups in the number of crossings that the animals completed in the OFT (p < .05). The DEP þ EE and DEP þ Flx groups had a significantly higher number of crossings compared with the DEP group (Table 2, Figure 4b ).
Effects of EE on TPH and VEGF Expression
DRN TPH is the rate-limiting enzyme in the biosynthesis of serotonin and is involved in the regulation of various aspects of mood and impulsivity. The DEP þ EE and DEP þ Flx groups had significantly more TPH-positive cells in the DRN compared with the DEP group (p < .05; Table 3, Figure 5A and C).
We found a significant difference among all groups (p < .05) in the concentration of VEGF-positive cells in the SLM. The DEP þ EE and DEP þ Flx groups had significantly higher concentrations of VEGF-positive cells compared with the DEP group (Table 3, Figure 5B and D). Figure 6 presents the results of the Western blot analysis of BDNF and TrkB expression in both image and graphical form. When the level of BDNF in the CONT was set at 1.00, the level of BDNF in the DEP group was 0.59 + 0.02 compared with 0.98 + 0.01 in the DEP þ EE group and 0.91 + 0.03 in the DEP þ Flx group. The DEP þ EE and DEP þ Flx groups had significantly higher BDNF compared with the DEP group. This result shows that the induction of depression decreased the expression of BDNF in the hippocampus (p < .05). Moreover, when the expression level of TrkB in the CONT was set at 1.00, the level of TrkB in the DEP group was 0.64 + 0.04 compared with 0.82 + 0.02 in the DEP þ EE group and 0.76 + 0.01 in the DEP þ Flx group. The DEP þ EE and DEP þ Flx groups had significantly increased TrkB levels in the hippocampus compared with the DEP group (p < .05). 
Effects of EE on BDNF and TrkB Expression
Variable CONT (n ¼ 5) DEP (n ¼ 4) DEP þ EE (n ¼ 4) DEP þ Flx (n ¼ 4) F p
Discussion
Our findings in the present study suggest that EE was as effective as Flx in reducing negative behavioral and biochemical effects in an animal model of stress-induced depression. We also successfully verified our animal model of depression caused by chronic stress through the first of FST (Figure 3) . Our findings align with those of several previous studies in which researchers reported behavioral changes associated either with this model of stress-induced depression in rats or with the effects of EE in rats. The effects of chronic stress on immobility in the FST and activity in the OFT that we observed in the DEP groups in the present study were entirely consistent with previously published research (Di Garbo, Mainardi, & Caleo, 2011) . Previous authors have reported that this depression model exhibits decreased locomotor activity in the OFT (Freitas et al., 2013) . In the present study, the number of crossings in the OFT decreased in the DEP groups compared to the CONT but increased in the DEP þ EE and DEP þ Flx groups compared with the DEP group. Simpson and Kelly (2011) suggested that EE housing improves rats' coping skills and promotes a more active strategy when the animals are faced with stressors such as the FST. Moreover, investigators have reported that SSRIs decrease the immobility time and increase swimming in the FST (Cryan & Lucki, 2000) . In the present study, immobility time in the first FST increased in the DEP group compared with the CONT rats, revealing increased depression-like behaviors following chronic stress. After intervention, however, the EE-and Flx-treated groups had significantly decreased immobility times in the second FST. These results suggest that EE had an antidepressive effect. Further, there was no significant difference in immobility time in the second FST between the DEP þ EE and DEP þ Flx groups, which implies that EE was as effective as Flx in reducing the negative effects of depression measured during the FST.
The findings of our biochemical analyses of the antidepressant effects of EE and Flx are also consistent with those of previous studies. For example, Kim, Park, and Hwang (2002) noted that TPH levels in the DRN of rats increased after injection of Flx (10 mg/kg/day for 14 days) compared with controls that did not receive Flx. Increases in 5-HT synthesis and TPH expression caused by exercise are also well-documented (Lee et al., 2013) . In the present study, we found that depression reduced TPH expression in the DRN, while EE (which included increased opportunities for exercise) and Flx enhanced TPH expression (Table 3, Figure 5A and C).
In the present study, we also found that VEGF-positive cells in the SLM in the hippocampus increased in both the DEP þ EE and DEP þ Flx groups compared with the DEP group (Table 3, Figure 5B and D). The hippocampus belongs to the limbic system and plays important roles in the consolidation of information from short-term to long-term memory and in spatial navigation. The SLM in the hippocampus serves as a relay between the entorhinal cortex and the Cornu Ammonis 1 (CA1) region. According to previous studies, electroconvulsive treatment, a proven therapeutic application used in the treatment of several depressive disorders, increases vascular density in the dentate gyrus and SLM of the hippocampus (Newton & Duman, 2006) . Moreover, Wang et al. (2005) showed that, in a damaged hippocampal SLM, VEGF is expressed by reactive astrocytes, while its receptor fetal liver kinase 1 is expressed by both reactive astrocytes and growing neurites. Our finding in the present study suggests a direct or indirect association of VEGF with hippocampal reorganization following stressinduced depression.
BDNF levels were also increased in the hippocampus of the rats in the DEPs housed in EE conditions or treated with Flx relative to those in the untreated DEP in the present study. Researchers previously confirmed that EE treatment increases BDNF levels in a depressive animal model (Jha, Dong, & Sakata, 2011) and that Flx administration leads to upregulation of levels of BDNF-associated genes (Alme & Bramham, 2007) . Antidepressant drugs and exercise increase the expression of several molecules associated with neuronal plasticity including, in particular, BDNF and its receptor TrkB (Castren & Rantamaki, 2010) . Accordingly, we observed an increase in TrkB levels accompanied by increases in BDNF expression in the DEP þ EE and DEP þ Flx groups in the present study ( Figure 6 ).
Our results thus confirm that EE serves to increase the concentrations of VEGF-and TPH-positive cells in the hippocampus of depressed rats and suggest that EE may also increase TrkB levels in the hippocampus by stimulating BDNF. These findings point to mechanisms by which EE may contribute to overcoming the effects of depression.
Limitations
The present study has a few limitations. First, we did not use a biochemical stress marker to confirm the level of depression. Rather, we evaluated the degree of depression by analyzing immobility during the first FST session. Further study is required to accurately detect depression levels based on a biochemical marker. Second, though we can learn quite a bit through research in rodent models, the results cannot be directly extrapolated to human populations. Research involving EE has been performed mostly in rodents as direct research on humans remains limited due to the required histological examination of the brain. Third, since our study was limited by a small sample size, it is difficult to generalize the results. Therefore, further research is required to generalize our findings to animal models and humans.
Implications for Research and Practice
The antidepressant effects of EE did not differ significantly from those of Flx in the present study. Because patients have reported a variety of side effects from antidepressant use, there is a need for nonpharmacological treatments for depressive symptoms. Based on the present results, we suggest that improvements to environmental conditions might be a very effective intervention in individuals with depression. Several improves mood, reduces stress, produces positive feelings, boosts energy, and treats psychological conditions such as depression and anxiety (Hartig & Gärling, 2003; Ulrich & Miles, 2003) . Forest therapy, for example, has effectively relieved depressive moods and anxiety in chronic stroke patients and may be a valuable intervention in patients who cannot be treated using standard therapies (Chun, Chang, & Lee, 2017) . In a systematic review, researchers found that active exposure to natural environments elicited positive effects on mental well-being (Bowler & Pullin, 2010) . In a recent study, researchers reported that physical activity conducted in an outdoor environment elicited greater affective benefits than that conducted in an indoor environment (Frühauf et al., 2016) . Authors have also reported that a number of additional nonpharmacological interventions, such as music therapy, massage, reminiscence therapy, and physical exercise, reduced depressive symptoms in the elderly without any adverse side effects (Afonso & Bueno, 2008; Cooke & Murfield, 2010; Lindwall, Larsman, & Hagger, 2011) .
The effects of such nonpharmacological interventions for reducing depressive symptoms would likely include correlated outcomes such as improvements in autonomy level in activities of daily living, cognitive functions, and health-related quality of life. Managing the environment in which patient care occurs has always been an important component of nursing practice. Based on our findings in the present study and those of the previous studies described above, we suggest that nurses might consider implementing individualized nature-based interventions as part of the daily care plan for patients with depression. Further research that builds on our results and that further explores the behavioral effects of EE on depression in humans might suggest specific environmentally based interventions that could be effective in reducing depressive symptoms in particular populations.
Conclusion
Our findings in the present study suggest that EE may be a useful approach for mitigating the detrimental effects of stress in patients with depression. The model for stress-induced depression that we used may help illuminate the relationship between the environment and the progression of depression in humans, and our findings could serve as a foundation for future investigations examining the effects of EE in patients with depression. Additionally, our results and results of similar and future studies could provide motivation for patients to adhere to therapy recommendations.
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